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ABSTRACT 

Apparent nest survival is commonly calculated to report avian 

reproductive success, however other metrics such as annual reproductive success 

(ARS) have been proposed in its place. I calculated apparent nest survival and 

measures of ARS to determine their value to avian reproductive studies using Wood 

Thrush (Hylocichla mustelina) reproductive data collected at the University of 

Delaware Ecology Woods (UDW) over a 34-year period (1974-2008). I also examined 

the affect of Brown-headed Cowbird (Molothrus ater) brood parasitism on the 

reproductive success of this Wood Thrush population over the same time period.  I 

compared apparent nest survival to two measures of annual reproductive success: the 

annual number of successful broods per female and the annual number of fledglings 

produced per female.  Apparent nest survival was able to predict successful broods per 

female and fledglings produced per female, which indicated that apparent nest 

survival approximates measures of ARS. Because apparent nest survival can 

approximate ARS, calculating ARS is not necessary for all avian reproductive studies. 

Because successful broods per female and fledglings produced per female require an 

individually marked population to be calculated, attempting such calculations would 

not be practical if marking each individual is unrealistic or simply not necessary. ARS 

should however be estimated for existing long-term avian reproductive studies 

because doing so can provide demographic data and further insight into the factors 

limiting populations.  Linear regression analysis revealed that measures of cowbird 

success (percent nests parasitized and number of cowbird eggs laid per nest) were able 
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to predict Wood Thrush production. If cowbird parasitism is causing reduced Wood 

Thrush reproductive success, parasitism may be aggravating declines in this species. 

Future studies should quantify the effect of parasitism on Wood Thrush production 

and investigate the ability of parasitism to cause complete nest failure in Wood Thrush 

at the UDW. 
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Chapter 1 

INTRODUCTION 

Avian reproductive success has traditionally been reported in a variety of 

ways.  At its simplest, reproductive success can be reported as the percentage of eggs 

that produce fledglings (egg success) or the percentage of nests that produce at least 

one fledgling (nest success, or apparent nest survival; Murray 2000).  However, 

traditional egg success and apparent nest survival are calculated from the nests that 

are found, not the total number of nests that are built.  Nests that have already failed 

will not be found, thereby producing a positive bias in nest success (Mayfield 1961).  

Unless every nest is observed from initiation (an impossible feat in most 

circumstances), this bias will be present when estimating egg and nest success.  To 

account for this bias, Mayfield (1961) proposed calculating nest success using a 

measurement known as the nest-day (one nest-day equaling the presence of one nest 

for one day).  By determining the daily survival rate for known nest-days (that is, the 

nests found), one can extrapolate that probability for the entire nesting period.  The 

Mayfield method represented a major change in how avian reproductive success is 

reported, and has since become a commonly used metric.  However, there is concern 

that nest survival estimates do not accurately reflect the reproductive output of a 

population. Jones et al. (2005) noted that Mayfield-derived nest survival estimates 

tended to underestimate seasonal fecundity. 

 In addition to the Mayfield method, reproduction can be reported as 

annual reproductive success (ARS).  Murray (2000) proposed that ARS should be 
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calculated in terms of both the number of broods successfully reared per female and 

the number of young successfully reared per female.  Here “successfully reared” refers 

to young that have fledged from the nest.  The benefits of calculating measures of 

ARS per female include increased demographic information (Murray 2000, Thompson 

et al. 2001) and facilitation of comparisons between species or habitats (Murray 

2000).  Further supporting ARS, Murray (2000) stated that traditional measures of 

reproductive success can be misleading - differences in egg success and apparent nest 

survival between species may not reflect true reproductive output.  Using simulated 

data, Murray demonstrated how avian populations can differ dramatically in nest 

success yet maintain nearly identical levels of production per female.  However, 

historically ARS has rarely been calculated for avian life-history studies.  A review of 

356 articles concerning avian reproduction from 1984 to 1996 noted that only 10% 

reported an estimate of annual reproductive output (Thompson et al. 2001). Thompson 

et al. (2001) noted the need to estimate annual reproductive output to reduce biased 

comparisons.  Murray (2000) concluded with a plea to calculate successful broods per 

female and fledglings produced per female in avian life-history studies, stating that 

valuable information is being lost without these metrics. 

 It is unclear whether ARS should be estimated in favor of traditional 

measures of reproductive success such as apparent nest survival. To address this 

uncertainty, I used 34 years of life-history data from a population of Wood Thrush 

(Hylocichla mustelina) to calculate several metrics of reproductive success.  My goal 

was to compare the traditional metric, apparent nest survival, with successful broods 

per female and fledglings produced per female.  Currently very few studies report 
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measures of ARS, and so a shift towards reporting ARS would represent a dramatic 

change in the way avian reproductive success is studied.   

Accurate estimation of avian reproductive success is essential to the study 

of avian populations and is of particular interest for those species that are in decline.  

Like many neotropical migrants, the Wood Thrush has experienced a significant 

population decline over the past half-century (Robbins et al. 1989).  Results from the 

North American Breeding Bird Survey indicate an annual 1.7 percent decline from 

1966 to 2007 throughout its range (Sauer et al. 2008).  Nest parasitism by the Brown-

headed Cowbird has been implicated in contributing to this decline and that of other 

neotropical migrant passerines (Brittingham and Temple 1983).  Cowbirds are 

abundant at the University of Delaware Ecology Woods (hereafter referred to as 

UDW), however to date their affect on the reproduction of this Wood Thrush 

population is not clearly understood.  A second goal of this research was to determine 

the affect of Brown-headed Cowbird (Molothrus ater) nest parasitism on Wood 

Thrush reproductive success at the UDW. 

 The objectives of this study were to: (1) estimate successful broods per 

female and fledglings produced per female and compare these metrics with apparent 

nest survival for the period of 1974-2008, (2) determine if successful broods per 

female and fledglings produced per female are correlated with apparent nest survival, 

(3) determine if apparent nest survival could predict successful broods per female and 

fledglings produced per female through linear regression, and (4) determine whether 

Brown-headed Cowbird parasitism could predict Wood Thrush reproductive success 

for the given time period. 
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Chapter 2 

METHODS 

Study Area 

The study site is an isolated 15-ha woodlot located in Newark, Delaware. 

The UDW is protected by a chain-link fence and is surrounded on all sides by 

agricultural fields, athletic fields, or highway.  The overstory of the UDW is composed 

of primarily red maple (Acer rubra), tulip poplar (Liriodendron tulipifera), swamp 

white oak (Quercus bicolor), white oak (Quercus alba), and sweetgum (Liquidambar 

styraciflua) (Roth and Johnson 1993). Subcanopy and shrub layer are largely 

composed of black tupelo (Nyssa sylvatica), flowering dogwood (Cornus florida), 

spicebush (Lindera benzoin), and summersweet clethra (Clethra alnifolia) (Roth and 

Johnson 1993). Multiflora rose (Rosa multiflora) is now common at forest edges and 

gaps (Iglay et al. 2007), although its presence has not been noted historically 

(Longcore and Jones 1969, Roth and Johnson 1993). 

 

Calculation of Reproductive Metrics 

All Wood Thrush breeding at the UDW have been captured and given a 

unique combination of colored leg bands every year since 1974 (Roth and Johnson 

1993). Researchers have been on site almost daily from late April to early August for 

the length of the study period, and so it is unlikely that many Wood Thrush escaped 

capture (Roth and Johnson 1993).  In addition, all nestlings in accessible nests were 
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banded. There are records for every Wood Thrush nest at the UDW from 1974 to 2008 

for which nearly every nest occupant is known.  I used the reproductive data collected 

for every nest at the UDW over this time period. I did not include three years of data 

(1973, 1979, and 1986) in these analyses.  The first year of the study, 1973, was not 

included because no birds were individually marked during this period.  Annual 

reproductive success cannot be calculated if nothing is known about the individual 

birds in a population.  The year 1979 was not included because data were not 

collected throughout the entire season, resulting in incomplete nest records.  And 

finally, 1986 was not included in my analysis because of an unrelated toxicity study 

conducted during this year that resulted in the experimental deaths of 14 Wood Thrush 

nestlings from 8 nests (Roth and Johnson 1993). 

 Using these data, I calculated the following reproductive metrics: mean 

clutch size, egg success, fledglings per successful nest, apparent nest survival, 

successful broods per female, and fledglings produced per female (Table1).  Egg 

success was calculated as the percentage of eggs laid that successfully fledged young. 

Apparent nest survival was defined as the percentage of nests that successfully fledged 

at least one young.  In both cases “fledging” refers to the point at which young have 

permanently left the nest.  Successful broods per female and fledglings produced per 

female were calculated according to the equations proposed by Murray (2000): 

 

Successful broods per female = c1s1 + c2s2 + … + cnsn 

 

where (c) equals the number of clutches laid per female in producing that 

brood, and (s) equals the probability of rearing any young from that brood, and  
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Fledglings produced per female = c1s1k1 + c2s2k2 + … + cnsnkn 

 

where (k) equals the mean number of young reared in that brood.  

 Brown-headed Cowbird parasitism of Wood Thrush nests was also 

recorded over the same time period.  I calculated the following measures of cowbird 

success from the data for the period of 1974-2008: number of cowbird eggs laid per 

Wood Thrush nest, percent of Wood Thrush nests parasitized, and number of 

cowbirds fledged per Wood Thrush nest (Table 2). 

 

Statistical Analyses 

 To determine whether measures of ARS are correlated with apparent 

nest survival I used correlation analysis (Zar 1999).  I used linear regression to 

determine whether apparent nest survival could account for variation in successful 

broods per female and fledglings produced per female and to determine whether 

cowbird parasitism could account for variation in Wood Thrush productivity.  The 

percent of Wood Thrush nests parasitized as well as the average number of cowbird 

eggs laid per Wood Thrush nest were used in these linear regression analyses. 
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Chapter 3 

RESULTS 

Comparison of Reproductive Metrics 
 

Annual measures of reproductive success were correlated with apparent 

nest survival. Successful broods per female was highly correlated with apparent nest 

survival (r = 0.789, P < 0.001) as was fledglings produced per female (r = 0.673, P < 

0.001). In addition, apparent nest survival had predictive ability for both measures of 

ARS. Nest survival accounted for a significant amount of variation in successful 

broods per female (r
2
=0.611, F1,32=51.27, beta= 0.789, P<0.001), however accounted 

for less variation in fledglings produced per female (r
2
=0.436, F1,32=25.69, beta= 

0.673, P<0.001). 
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Table 1. Measures of reproductive success for Wood Thrush at the University of 

Delaware Ecology Woods (1974-2008) 

Year Mean clutch size Egg 

success 

Fledglings per 

successful nest 

Nest survival Successful 

broods per 

female 

Fledglings 

produced 

per female 

1974 2.979 0.462 2.276 0.617 1.16 2.64 

1975 2.830 0.451 1.818 0.733 1.18 2.14 

1976 2.939 0.417 2.000 0.612 1.15 2.3 

1977 2.698 0.357 1.700 0.528 1.11 1.9 

1978 3.216 0.496 2.682 0.595 1.05 2.81 

1980 3.212 0.340 2.400 0.455 0.789 1.89 

1981 3.200 0.510 2.882 0.567 1.06 3.06 

1982 3.000 0.381 2.667 0.444 0.857 2.29 

1983 2.720 0.456 2.583 0.480 0.923 2.38 

1984 2.818 0.495 2.190 0.636 1.170 2.56 

1985 2.844 0.341 2.214 0.437 0.875 1.94 

1987 2.757 0.510 2.363 0.595 1.38 3.25 

1988 3.071 0.477 2.412 0.607 1.06 2.56 

1989 2.684 0.716 2.607 0.737 1.56 4.06 

1990 2.958 0.533 2.732 0.577 1.37 3.73 

1991 2.981 0.584 2.611 0.667 1.38 3.61 

1992 3.054 0.585 2.778 0.643 1.28 3.57 

1993 3.000 0.491 2.613 0.564 1.41 3.68 

1994 2.717 0.569 2.278 0.679 1.5 3.42 

1995 2.982 0.549 2.647 0.618 1.36 3.6 

1996 2.796 0.556 2.625 0.593 1.52 4 

1997 2.528 0.455 2.179 0.528 1.17 2.54 

1998 2.771 0.286 1.900 0.417 0.87 1.65 

1999 3.000 0.314 2.286 0.412 1.00 2.29 

2000 2.895 0.264 2.636 0.282 0.73 1.93 

2001 2.939 0.495 2.667 0.545 1.06 2.82 

2002 2.647 0.400 2.118 0.500 0.85 1.8 

2003 2.867 0.457 2.360 0.556 1.39 3.28 

2004 2.450 0.267 1.600 0.408 1.11 1.78 

2005 2.522 0.224 2.167 0.261 0.54 1.18 

2006 2.267 0.500 1.889 0.600 1.5 2.83 

2007 2.412 0.415 1.700 0.588 1.11 1.9 

2008 2.583 0.548 2.615 0.542 1.08 2.83 
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Figure 1. Apparent nest survival and successful broods per female of Wood 

Thrush at the UDW from 1974-2008 
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Figure 2. Apparent nest survival and fledglings produced per female of Wood 

Thrush at the UDW from 1974-2008 
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Brown-headed Cowbird Parasitism 
 

 The percent of Wood Thrush nests parasitized accounted for very little 

variation in fledglings produced per female (r
2
= 0.116, F1,32=5.206, beta= -0.379, 

P<0.01), as did cowbird eggs laid per Wood Thrush nest (r
2
=0.149, F1,32=6.597, beta= 

-0.419, P<0.01). However, the percent of Wood Thrush nests parasitized accounted 

for a significant amount of variation in Wood Thrush production (r
2
= 0.288, F1,32= 

13.963, beta= -0.557, P<0.01), as did cowbird eggs laid per nest (r
2
= 0.333, F1,32= 

16.988, beta= -0.595, P<0.01). 
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Table 2. Brown-headed Cowbird nest parasitism on Wood Thrush at the 

University of Delaware Ecology Woods (1974-2008) 

Year Total 

Cowbird eggs 

laid 

Cowbird eggs 

laid per nest 

Percent nests 

parasitized 

Total Cowbirds 

fledged 

Cowbirds 

fledged per 

nest 

1974 0 0 0 0 0 

1975 3 0.067 0.067 0 0 

1976 10 0.204 0.183 0 0 

1977 14 0.264 0.208 5 0.094 

1978 2 0.054 0.054 1 0.027 

1980 2 0.061 0.061 0 0 

1981 1 0.033 0.033 1 0.033 

1982 0 0 0 0 0 

1983 15 0.600 0.360 0 0 

1984 20 0.606 0.485 3 0.091 

1985 20 0.625 0.563 5 0.156 

1987 31 0.838 0.649 6 0.162 

1988 5 0.179 0.143 1 0.036 

1989 0 0 0 0 0 

1990 0 0 0 0 0 

1991 0 0 0 0 0 

1992 2 0.036 0.036 1 0.019 

1993 16 0.291 0.236 6 0.109 

1994 33 0.623 0.528 8 0.150 

1995 22 0.400 0.327 10 0.182 

1996 12 0.222 0.167 3 0.056 

1997 26 0.491 0.415 14 0.264 

1998 33 0.688 0.583 10 0.208 

1999 42 1.235 0.706 7 0.206 

2000 3 0.077 0.077 1 0.026 

2001 8 0.242 0.212 3 0.091 

2002 18 0.5294 0.441 5 0.147 

2003 23 0.511 0.400 7 0.156 

2004 47 0.959 0.592 19 0.388 

2005 40 1.739 0.870 14 0.609 

2006 16 1.067 0.733 5 0.333 

2007 23 1.353 0.647 8 0.471 

2008 28 1.167 0.750 11 0.458 
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Figure 3. Percent Wood Thrush nests parasitized and fledglings produced per 

female Wood Thrush at the UDW from 1974-2008 
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Figure 4. Cowbird eggs laid per Wood Thrush and fledglings produced per female 

Wood Thrush at the UDW from 1974-2008 
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Figure 5. Cowbird eggs laid per Wood Thrush nest and Wood Thrush production 

at the UDW from 1974-2008 
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Chapter 4 

DISCUSSION 

Apparent nest survival showed a strong correlation with measures of ARS 

as well as an ability to predict ARS, indicating that estimating ARS may not be 

necessary for all avian reproductive studies. Not surprisingly, successful broods per 

female was highly correlated with apparent nest survival, a measure of the total 

successful broods in a population. One may expect this correlation to be even greater 

than I observed, however this correlation may have been weakened by the difficulty 

associated with accurately determining the identity of every nest occupant. Because 

the identity of every breeding female is essential to the calculation of ARS, the 

presence of multiple unmarked individuals in a population may slightly alter such 

calculations. In this scenario, multiple broods may be inaccurately attributed to a 

single bird. A multi-brooded species such as the Wood Thrush can be difficult to track 

during the course of a long breeding season, and so minor inaccuracies in the 

demographic composition of a population are to be expected. The ability of apparent 

nest survival to predict successful broods per female is another consequence of the 

similar natures of these two metrics. That the number of successful broods per female 

increases with the success of all nests within a population is an intuitive result that 

renders the need to calculate this measure of ARS to very specific circumstances.  

In addition, apparent nest survival exhibited a high correlation with 

fledglings produced per female and had significant predictive ability on this metric. 

These results suggest that apparent nest survival can act as a close approximation to 
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both successful broods per female and fledglings produced per female. As a result, 

calculating these measures of ARS is not urgent for all avian reproductive studies. 

However, it does provide insight into the factors that affect the number of offspring a 

female produces. This correlation indicates that the factors that affect the probability 

of having a successful nest are the same that increase the number of fledglings a 

successful nest will produce. Such variable factors as parasitism, predation, and 

stochastic weather events could act to affect both the number of nests that survive and 

the number of fledglings produced per successful nest. Determining and reducing 

which factor has the most significant impact could therefore increase not only the 

number of nests, but also the number of young each nest produces.  

Although estimating measures of ARS can provide further insight into the 

reproductive dynamics of a population, the methodological costs of gathering the 

needed information are of significance. To calculate ARS, one must have knowledge 

of the exact number of breeding females in a population. Determining the number of 

breeding females is most feasibly done through marking every individual; however, 

depending on the size of the study population, this may not be a realistic endeavor. 

The Wood Thrush population at the UDW is an excellent example of the ideal 

condition for estimating ARS – it is isolated, relatively small, and the boundaries of its 

habitat are well defined. Study areas without defined boundaries that experience high 

levels of immigration and emigration may not be ideal for estimating ARS. ARS may 

also be considered to be of greater value for long-term studies – this metric provides a 

wealth of reproductive as well as demographic information that is more meaningful 

over time. In contrast, it may not be prudent to attempt to calculate ARS for short-

term reproductive studies or for those that cannot realistically mark every individual in 
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a population. Although the estimation of ARS poses the aforementioned 

methodological difficulties, the information required to estimate this metric does 

provide in-depth knowledge of the demographics of the study population. It is 

important to weigh the potential gains in knowledge with the difficulty of study when 

considering ARS. 

 Accurate estimation of reproduction is of great importance when 

studying the factors that limit avian populations and aggravate declines. Cowbird 

parasitism clearly negatively affected Wood Thrush reproductive success at the UDW, 

as evidenced by the ability of cowbird parasitism to predict low Wood Thrush 

production. Interestingly, cowbird parasitism was a relatively weak predictor of 

fledglings produced per female. This result is surprising, as fledglings produced per 

female is a factor in Wood Thrush production. It is possible that in years with high 

cowbird parasitism, the high fecundity of unparasitized females counterbalanced the 

low production of heavily parasitized females. The number of fledglings produced per 

female would appear similar to a year in which parasitism was low and most females 

were moderately fecund. Nonetheless, the relationship between cowbird parasitism 

and fledglings produced per female was negative.  

In a study of the Wood Thrush population at the UDW, Roth and Johnson 

(1993) noted that periods of reduced reproductive success coincided with declines in 

Wood Thrush abundance. Abundance later increased when the failure rate dropped. If 

cowbird parasitism causes reduced Wood Thrush reproductive success, this finding 

indicates that parasitism has the ability to contribute to population declines in this 

species. Roth and Johnson (1993) attributed these periods of reduced productivity to 

predation pressure, noting increased rates of nest failure during these times. However, 
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previous studies have noted the ability of cowbird parasitism to cause nest failure 

(Temple and Cary 1988). In addition, the authors were unable to posit a source of 

predation, conceding that there is no data documenting patterns and abundance of 

potential nest predators at the UDW. In addition, the authors noted that the sharp 

reduction in failure rates from 1988-1990 violated the expectation of unidirectional 

predation effects. Interestingly, this period included three years of extremely low 

cowbird parasitism, including two in which no Wood Thrush nests were parasitized. 

This reduction in parasitism could have resulted from an undocumented occurrence on 

the adjacent University of Delaware agricultural property that resulted in a decline of 

the local cowbird population. Roth and Johnson (1993) do concede that the nest 

failure observed prior to 1988 could have been aggravated by cowbird parasitism. 

Because cowbird parasitism may negatively affect Wood Thrush 

reproduction, it is necessary to propose potential solutions. Cowbird removal 

programs have been instituted on numerous occasions; several endangered species 

including the Kirtland’s Warbler, Least Bell’s Vireo, and Black-capped Vireo have 

benefited from such programs (Kosciuch and Sandercock 2008). The nests of the 

Kirtland’s Warbler were heavily parasitized at a rate of 59% prior to the beginning of 

a cowbird removal program in 1972. Yet the removal of 33,536 cowbirds from 1972-

1981 reduced this rate to an average of 3.4% per year. In addition, the average number 

of young fledged per nest increased from less than one to an average of 2.76 during 

the removal period. Although the number of singing males remained steady at an 

average of 207 following the removal of cowbirds, the population has since exploded 

to 1,322 as of 2004 (Donner et al. 2008). Removal of cowbirds reduced parasitism 

frequency of Bell’s Vireo nests from 77% and 85% at unmanipulated plots to 58% and 
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47% at removal plots (Kosciuch and Sandercock 2008). Vireo productivity was higher 

and nest desertion frequency was lower at cowbird removal plots. Overall, nest 

success was higher in unparasitized nests. In a study of Hooded Warblers the removal 

of female cowbirds significantly reduced the percentage of nests parasitized, however 

an increase in the number of young fledged per nest did not result (Stutchbury 1997). 

The author attributed this to high predation rates that negated any positive affect of 

cowbird removal. However, the author did note that cowbird removal can be an 

effective management tool for heavily parasitized species. Although predation 

pressures are certainly of great significance to reproductive success of Wood Thrush 

at the UDW, the exact impact of cowbird parasitism should be studied in further 

detail. The UDW offers an excellent opportunity to study the effect of cowbird 

removal on a population of a declining neotropical migrant. This matter should 

continue to be studied in the hope that the decline of this species may be reversed. 



21 

 

 

 

REFERENCES 

Brittingham, M.C., and S.A. Temple. 1983. Have cowbirds caused forest songbirds to 

decline? Bioscience 33:31-35. 

Donner, D.M., J.R. Probst, and C.A. Ribic. 2008. Influence of habitat amount, 

arrangement, and use on population trend estimates of male Kirtland’s 

Warblers. Landscape Ecology 23:467-480. 

Iglay, R.B., J.L. Bowman, and N.H. Nazdrowicz. 2007. Eastern box turtle (Terrapene 

carolina carolina) movements in a fragmented landscape. Journal of 

Herpetology 41:102-106. 

Jehle, G., A.A.Y. Adams, J.A. Savidge, and S.K. Skagen. 2004. Nest survival 

estimation: A review of alternatives to the Mayfield estimator. The Condor 

106:472-484. 

Jones, J., P.J. Doran, L. R. Nagy, and R.T. Holmes. 2005. Relationship between 

Mayfield nest-survival estimates and seasonal fecundity: A cautionary note. 

The Auk 122:306-312. 

Kelly, S.T., and M.E. DeCapita. 1982. Cowbird control and its effect on Kirtland’s 

Warbler reproductive success. The Wilson Bulletin 94:363-365. 

Kosciuch, K.L., and B.K. Sandercock. 2008. Cowbird removals unexpectedly increase 

productivity of a brood parasite and the songbird host. Ecological Applications 

18: 537-548. 

Longcore, J.R., and R.E. Jones. 1969. Reproductive success of Wood Thrush in a 

Delaware woodlot. The Wilson Bulletin 81:396-406. 

Mayfield, H. 1961. Nesting success calculated from exposure. The Wilson Bulletin 73: 

255-261. 

Murray, B.G. 2000. Measuring annual reproductive success in birds. The Condor 

102:470-473. 



22 

Robbins, C.S., J.R. Sauer, R.S. Greenberg, and S. Droege. 1989. Population declines 

in North American birds that migrate to the neotropics. Proceedings of the 

National Academy of Sciences of the United States of America 86:7658-7662. 

Roth, R.R., and R.K. Johnson. 1993. Long-term dynamics of a Wood Thrush 

population breeding in a forest fragment. The Auk 110:37-48. 

Sauer, J.R., J.E. Hines, and J. Fallon. 2008. The North American breeding bird survey, 

results and analysis 1966-2007. Version 5.15.2008. USGS Patuxent Wildlife 

Research Center, Laurel, MD. 

Stutchbury, B.J.M. 1997. Effects of female cowbird removal on reproductive success 

of hooded warblers. The Wilson Bulletin 109:74-81. 

Temple, S.A., and J.R. Cary. 1988. Modeling dynamics of habitat-interior bird 

populations in fragmented landscapes. Conservation Biology 2:340-347. 

Thompson, B.C., G.E. Knadle, D.L. Brubaker, and K.S. Brubaker. 2001. Nest success 

is not an adequate comparative estimate of avian reproduction. Journal of Field 

Ornithology 72:527-536. 

Zar, J.H. 1999. Biostatistical Analysis. Prentice Hall, Upper Saddle River, N.J. 

 

 

 


